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ABSTRACT: Our aim was to verify in healthy subjects submitted to nasal inter-
mittent positive pressure ventilation (nIPPV) with a volumetric ventilator on con-
trolled mode, whether changes in ventilator settings (delivered tidal volume (VT),
respiratory frequency (fR) and inspiratory flow (V'1)) could influence effective
minute ventilation (V'E), thus allowing identification of the settings resulting in
the highest V'E during nIPPV. We then compared these experimentally obtained
“best" settings to those obtained retrospectively in a group of patients submitted
to long-term nIPPYV for clinical reasons.

We studied 10 healthy subjects awake and asleep, and 33 patients with restric-
tive ventilatory disorders.

Changes in delivered V'1 (for a constant delivered VT and fR) led to significant
changes in V'E. V'E was significantly higher when a given delivered V'E was
obtained using higher fR and lower VT than when it was obtained using lower
delivered fR and higher VT. Increases in fR generally resulted in increases in V'E.

The "best" settings derived from these results were: Vr: 13 mL-kg! of body
weight; fR: 20 breaths'min-! and V'i: 0.56-0.85 L-s'l. The corresponding average
values found in the patient group were: delivered VT: 14 mL-kg1; fR: 23 breaths-min-!
and delivered V'1: 0.51 L-s'.

Changes in minute ventilation resulting from modifications in ventilator settings
can be attributed to the glottic response to mechanical influences. This leads to
"ideal" settings quite different from the standard ones in intubated patients. Values
derived from nasal intermittent positive pressure ventilation in healthy subjects
seem to apply to patients submitted to long-term nasal intermittent positive pres-
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Intermittent positive pressure ventilation applied through
a nasal mask (nIPPV) is increasingly used for the treat-
ment of acute and chronic ventilatory and respiratory
failure in patients with a variety of diseases [1-4].

In noninvasive ventilation, conceptual and termino-
logical problems go hand in hand. When one refers to
ventilation, or tidal volume (VT), one may be pointing
to the ventilation (or VT) delivered by the ventilator, or
ventilation (or VT) reaching the lungs of the patients.
Since leaks are inevitable in noninvasive ventilation, the
two concepts are not equal. In this report we will iden-
tify by the word "effective" all the measurements refer-
ring to the subjects, and by "delivered" those derived
from the ventilator.

Surprisingly, noninvasive mechanical ventilation using
volumetric ventilators remains, in 1997, more an art than
a science. In contrast with the situation in intubated
patients [5], there are no published guidelines concern-
ing the best implementation of ventilator parameters
(delivered VT, delivered minute ventilation (V'E), deliv-
ered respiratory frequency (fR), delivered inspiratory
flow (V'1), inspiratory/expiratory time ratio (fI/tE)), so
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that clinicians usually adjust such parameters by a trial
and error process; however, there seems to be no agree-
ment (at least based on sound experimental data) on the
adjustment of ventilator parameters [6, 7].

In patients with restrictive ventilatory defects under
nIPPV, we have observed periods with apnoeas, some-
times longer than 1 min. We have postulated that these
apnoeas were not primarily due to leaks but to complete
glottic closure, resulting in secondary leaks [8]. Subse-
quently, we have shown in healthy volunteers under
nIPPV using volumetric ventilators, that glottic aperture
represents the main factor regulating the effective ven-
tilation reaching the lungs [9, 10]. Increases in deliv-
ered V'E lead to glottic narrowing and to a decrease in
the proportion of V'E effectively reaching the lungs,
and can even result in complete glottic closure with an
ensuing apnoea and the appearance of mouth leaks.
Glottic aperture is influenced by sleep, CO, levels and,
probably, mechanical factors such as delivered V'T [9—
11]. It might thus be possible to influence the degree
of glottic narrowing during nIPPV by modifying the set-
tings of the ventilator. By doing this, one may favour
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glottic widening and, therefore, increase effective VT
and minute ventilation (V'E).

In the first part of this study we investigated in awake
and asleep normal subjects the effects of systematic
changes in VT, V'E, delivered fR and delivered V'l on
effective VT and V'E (i.e. the V'E calculated from theV'T
effectively reaching the lungs), with the goal of estab-
lishing the best way to perform nIPPV using volume-
tric ventilators in the controlled mode (i.e. to attain the
higher effective V'E). In the second part, in order to ver-
ify whether our findings in normal subjects bore any
relevance to patients, we performed a retrospective clin-
ical study of ventilator settings in a group of patients
submitted to long-term home nIPPV, who were put on
nIPPV before the analysis of our experimental data in
normal subjects.

Materials and methods

Experimental study

Ten healthy medical students who had never smoked
(six males and four females), age range 20-26 yrs, body
mass index: 22+2.2 (sp) (range 20-28) kg-m2, without
evidence of respiratory diseases, were studied during
nIPPV using a volumetric ventilator.

The protocol of the study was approved by the Ethics
Committee of the hospital. Subjects were habituated to
mechanical ventilation during two previous training ses-
sions where they learnt to relax their ventilatory mus-
cles [12, 13]. All subjects gave written informed consent
and received financial remuneration for their participa-
tion in the study.

Signals and recording equipment. The electroencepha-
logram (EEQG), electro-oculogram (EOG) and submental
chin electromyogram (EMG) were obtained from sur-
face electrodes using standard techniques [14]. The EMG
of the diaphragm muscle (EMGdi) was obtained from
surface electrodes placed around the fifth intercostal
space. The EMGdi signal was filtered between 30 and
3,000 Hz, but not rectified or integrated. The electro-
cardiogram was obtained from two surface electrodes
placed on the chest. Mouth air flow was assessed with
one thermocouple in front of the mouth.

Effective VT, i.e. the VT actually reaching the lungs,
was obtained by respiratory inductive plethysmography
(Respitrace, Ambulatory Monitoring, Ardsley, NY, USA)
calibrated with the isovolume technique. The accuracy
of measurement of VT by inductive plethysmography is
satisfactory as long as the body position remains con-
stant after the isovolume manoeuvre [15, 16]. The sum of
the thorax and abdominal signals was calibrated against
a water-sealed spirometer. Mask pressure (Pmask) was
measured from a port in the nasal mask with a Honeywell
transducer (type 162 PC 01 D, Micro Switch Division,
Honeywell, Freeport, IL, USA) calibrated with an alcohol-
filled manometer. All these signals were recorded with
a digital acquisition system (OSG Brainlab, Antwerp,
Belgium), as described previously [11].

Procedure. Each subject was asked to remain awake dur-
ing the night preceding the study. Subjects lay comfor-

tably in bed, in the supine position, with pillows on both
sides securing a fixed position and avoiding any shift
of the body during the night. Electrodes and plethysmo-
graphy were then applied and nIPPV was started. The
first 10—15 min of recordings were not retained for analy-
sis.

The ventilator used was the EOLE 2A (SAIME, Savigne-
le-Temple, France), which is a constant-flow volumetric
ventilator with the following operating ranges: delivered
VT: 160-1,350 mL; fR: 844 breaths-min-!; /7B 1/1—
1/3.5. Subjects were ventilated either with a constant
delivered VT (delivered fR and/or #I/fE being systemati-
cally varied); or with a constant delivered V'T and VT (fR
being changed); or with a constant delivered V'E, (deliv-
ered VT and delivered fR being modified). Table 1 gives
the details of the different settings used throughout the
experiments.

This allowed us to compare: 1) the steps with the
same delivered VT and fR values (thus with the same
delivered V'E) but at different delivered V'T (steps 1 and
2, 3-5, and 7 and 8 in table 1); 2) the steps with the
same delivered VT and V'I, but at different fR values,
thus with increasing delivered V'E, (steps 2, 4 and 7,
and steps 5 and 8 in table 1); and 3) the steps with the
same delivered V'E but with different delivered VT and
JR values (steps 2 and 6 in table 1).

In other words, by doing this we could study the sep-
arate effects on effective V'E of delivered V', delivered
V'E and delivered VT, the three main parameters regu-
lating volumetric ventilators.

The records were made during wakefulness and sleep.
The wakefulness data were obtained at the beginning or
the end of the records depending on whether the sub-
jects fell rapidly asleep or not. All subjects were stud-
ied for at least 4 h and the recordings were ended when
the subjects stayed awake for more than 45 min. Ventila-
tor parameters were modified after at least 1 min of
good quality recordings of stable state for each setting.

Measurements. Sleep/wake status was scored according
to standard criteria [14]. Movement arousals were defin-
ed as the reappearance of an alpha rhythm in the EEG
during a sleep epoch, accompanied by an increase in
chin EMG activity lasting for more than 2 s [17]. Sleep
efficiency was defined as the percentage of sleep time
with respect to total recording time. Periods preceded

Table 1. — Ventilator settings used for each step dur-
ing intermittent positive pressure ventilation applied through
the nose in healthy subjects

Step* R 1%} 1/tE V'E V'
breaths-min’!  mL L:min! Lt

1 15 850 1/1 12.7 0.42
2 15 850 1/3 12.7 0.85
3 20 850 1/1 17.0 0.56
4 20 850 12 17.0 0.85
5 20 850 1/3 17.0 1.21
6 11 1160 1/3 12.7 0.89
7 27 850 1/1.2 22.9 0.85
8 27 850 12 229 1.21

JR: respiratory frequency; VT: tidal volume; #1/fE: inspiratory/
expiratory time ratio; V'E: minute ventilation; V'I: inspiratory
flow. *: step numbers refer to different respirator settings.



EFFECTIVE VENTILATION DURING NIPPV 1977

by at least 1 min of stable sleep/wake state, and absence
of swallowing and diaphragmatic and phasic chin EMG
activity were considered for analysis of steady state lev-
els. Stages 3 and 4 of nonrapid eye movement (NREM)
sleep were analysed together.

For each period, all individual values for inspiratory
VT, inspiratory time (1), total ventilatory cycle duration
(ttot), and Pmask, were obtained directly via the digital
acquisition system. We calculated breath-by-breath, fR
from ot (fR=60/rtot); effective V'E from VT and fR; ef-
fective mean V' (i.e. the mean V'T of the delivered VT
actually reaching the lungs), from VT and 7 and inspi-
ratory resistance (RI) calculated from the peak Pmask
and mean effective V'L

Data are presented as the meantstandard deviation
(sp). Group comparisons were performed by Wilcoxon
test, a p-value of less than 0.05 was considered signif-
icant. Intra-individual comparisons were performed with
the unpaired Student's t-test. Using the Bonferroni's cor-
rection [18], a p-value of less than 0.001 was consid-
ered significant.

Clinical study

Thirty three patients (17 females and 16 males), medi-
an age 35 (range 6-74) yrs, weight 51£18 (range 15-91)
kg, height 1.56+0.3 (range 0.78-1.96) m, body mass
index 21£6 (range 9.8-34.3) kg-m2, were studied retro-
spectively. All patients, except one, presented with a
chronic respiratory insufficiency, secondary to restrictive
ventilatory disorders. Their diagnoses were: myopathy
(n=16), neuropathy (n=8), chest-wall deformities (n=7),
primary alveolar hypoventilation (n=1) and chronic
obstructive pulmonary disease (COPD) (n=1). Home
ventilation, performed in all cases with volumetric ven-
tilators used in the controlled mode, was initiated in
patients who suffered from acute exacerbations of res-
piratory failure, or in the presence of repeated episodes
of pulmonary infections despite maximal treatment,
after objectivation of sleep-related falls in arterial oxy-
gen saturation (Sa,0,) during polysomnography.

Home ventilation was started after a 1 week training
period in hospital. During this period, the patient's res-
piratory comfort was the main objective. The delivered

/R was fixed slightly above the patient's own fR, deliv-
ered VT at a level the patient felt comfortable with, and
t/tE was fixed at 1/1 to minimize the insufflation pres-
sures and consequent mask leaks. Initially, n[PPV was
used during the day and progressively also during the
night. In the last night in hospital a polysomnography
was performed to determine the best settings of the ven-
tilator during sleep. The parameters used as a guide to
adjust the ventilator settings were: a good quality of
sleep (sleep stability and the presence of all NREM sleep
stages and rapid eye movement (REM) sleep); the high-
est possible levels of Sa,0, without oxygen addition; and
complete or almost complete disappearance of the sur-
face EMG signal of respiratory muscles. During polysom-
nography, delivered fR, VT and f1/fE were progressively
increased or decreased as needed to achieve the best
possible results. Measurements of effective VT or ven-
tilation reaching the lungs were never performed.

Results

Experimental study

All subjects presented stable periods (as described in
Materials and methods), during both wakefulness and
sleep. All subjects had all NREM sleep stages, and six
of the 10 subjects had REM sleep, but sleep architec-
ture was abnormal with excess stage 1 NREM sleep.
Table 2 shows their sleep architecture. Sleep efficiency
was poor, with a mean value of 54.9+11.1%, range 31—
72%, but without excessive sleep fragmentation (move-
ment arousals 6.1+4.6 events-h-1) [17].

Table 3 shows the number of subjects in whom data
were available, showing steady-state periods, for each
step, during wakefulness, NREM and REM sleep. For the
group as a whole, 156 periods of steady state were analys-
ed: 51 periods during wakefulness, 89 during NREM
sleep and 16 during REM sleep. The mean number of
periods per subject was 15.6£3.1. The average length
of steady-state periods was 2.18+0.2 min. A total of
6,186 breaths were analysed with a mean of 618+128
breaths per subject.

Table 2. — Sleep architecture for 10 subjects during intermittent positive pressure ventilation applied through the

nose using a volumetric ventilator

Subject number

1 2 3 4 5 6 7 8 9 10
TRT min 328 290 436 223 371 294 410 449 380 400
TST min 102 208 282 143 199 151 236 205 180 242
NREM time %
Stage 1 48 13 21 5 16 15 22 28 14 8
Stage 2 39 58 37 46 42 35 46 49 74 47
Stage 3 3 5 31 14 17 8 15 8 6 17
Stage 4 10 24 9 27 23 30 11 16 6 11
REM time % - - 3 7 3 12 5 - - 17
MA events-h-! 14 15 5 2 5 5 4 1 8 2
Sleep efficiency % 31 72 65 64 54 51 58 46 47 61

TRT: total recording time; TST: total sleep time; NREM: nonrapid eye movement; REM: rapid eye movement; MA: movement

arousals. Subjects 2, 3, 9 and 10 were female.
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Effects of changes in delivered V'l with constant deliv-
ered VT, delivered fR, and delivered V'E on effective
V'E. For the group of awake subjects, increases in deliv-
ered V'T from 0.42 to 0.85 L-s-! (steps 1 and 2) or from
0.56 to 0.85 L-s'! (steps 3 and 4) resulted in significant
increases in V'E (fig. 1). By contrast, further increases
in delivered V'1to 1.21 L-s*! (step 5) did not further mod-

Table 3. — Number of subjects that showed steady-
state periods, for all studied steps
Step*  Waking NREM stage REM
2 34
n n n n
1 9 8 8 3
2 6 9 5 4
3 8 7 6 2
4 10 8 7 4
5 6 6 4 2
6 5 8 3 1
7 5 6 3 0
8 2 0 1 0

*: step numbers refer to different respirator settings. For fur-
ther definitions see legend to table 2.
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Fig. 1. — Mean individual values of effective minute ventilation (V'E)

during wakefulness at: a) two levels of delivered inspiratory flow (V')
(steps 1 and 2); and b) three levels of delivered V'1 (steps 3, 4 and 5.
Individual subjects are identified by number. Horizontal bars repre-
sent group mean values. For explanation of steps, see table 1, and for
significance of changes, see text.

ify V'E (fig. 1b). During NREM sleep, step 2 resulted
in a higher V'I than step 1, but significantly so for stage
2 NREM sleep only (fig. 2a and 2b). There was no sig-
nificant differences in V'E between steps 3, 4 and 5 (fig.
2c¢) during stage 2 NREM sleep.

Effects of changes in V'l on inspiratory resistance. During
wakefulness, increases in delivered V'1 from 0.42 to
0.85 L-s"! (for a delivered V'E of 12.7 L-min-!) resulted
in significant decreases in RI (44 to 27 cm H,O- L-1-s71,
p=0.04 for the group as a whole). Increases in V'I from
0.56 to 0.85 L-s! and from 0.56 to 1.21 L-s! (for a
delivered V'E of 17 L-min-!) resulted in decreases in RI
in all subjects (45 to 29 cmH,0-L-!'s, p=0.04, and 45 to
30 cmH,O-L-!s1, p=0.04, respectively). However, in-
creases in delivered V'T from 0.85 to 1.21 L-s! of V'1
did not lead to any significant differences in RI (29 to
30 cm-H,O-L-1-s-1, p=0.78).

During stage 2 NREM sleep, increases in delivered
V' from 0.42 to 0.85 L-s'! as well as from 0.56 to 0.85
L-s'! resulted in significant decreases in RT (59 to 32 cm
H,0-L-l's, p=0.01, and 37 to 27 cm H,O-L-!-s, p=0.04.
respectively). For increases in delivered V'T from 0.85
to 1.21 L-s-! we observed no significant differences (27
to 30 cmH,0-L-1-s, p=0.22).

During stages 3 and 4 NREM sleep, increases in deliv-
ered V'T from 0.42 to 0.85 L-s'! resulted in significant
decreases in RI (54 to 34 cm H,O-L-1s, p=0.04).

Effects of delivered VT and delivered fR with constant
delivered V'E and V'l on effective V'E. Effective V'E was
significantly higher, for a given delivered V'E, when
the delivered VT was lower and fR higher (steps 2 and
6, fig. 3) both during wakefulness and stage 2 NREM
sleep.

Effects of delivered fR and V'E with a constant VT and
V'I on effective V'E. During wakefulness V'E signifi-
cantly increased in step 4 (fR=20 breaths-min-!) with
respect to step 2 (fR=15 breaths-min-!), but not in step 7
(fR=27 breaths-min!) with respect to step 4 (fig. 4). Dur-
ing stage 2 NREM sleep, V'E was significantly higher

a) 141 b) 1 0 1
129 ] ] O/\
_ 104 No. 9 | | No. 9
£
= No. 1 —
- J J I 0 No.5
- 8 No. 3 No. 6
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No. 4
6 No. 7 1 No. 1 1 No. 7
No-g No.6 —
0.
s | olemeT—
2 ; ; : , , ,
0.42 0.85 0.85 0.56 0.85 1.21
VE Lst
Fig. 2. — Mean individual values of effective V'E at a) two levels of delivered V' (steps 1 and 2) during stage 2 nonrapid eye movement

(NREM) sleep; and b) two levels of delivered V' (steps 1 and 2), during stages 3 and 4 NREM sleep; c¢) three levels of delivered V'1 (steps 3,
4 and 5), during stage 2 NREM sleep. Horizontal bars represent group mean values. For definitions of abbreviations, and explanation of steps,
see legend to figure 1 and table 2. For explanation of steps, see table 1, and for significance of changes see text.



EFFECTIVE VENTILATION DURING NIPPV 1979

for steps 4 and 7 with respect to step 2 (fig. 4). Group
comparisons were not possible for steps 4 and 7 during
stage 2 NREM sleep.

Wakefulness versus sleep. Comparisons between wake-
fulness and sleep were available for all subjects. A total
of 70 comparisons were performed. When comparing
for a given step, effective ventilation was lower during
sleep than during wakefulness in 51 comparisons. The
reverse was true in nine cases; in the remaining 10 com-
parisons, no significant differences were found. Overall,
when comparing within subjects, effective ventilation
was lower during sleep or similar during wakefulness
and sleep in seven subjects (42 comparisons). In the three
remaining subjects, comparisons showed lower effec-
tive ventilation during sleep in 15 comparisons, similar
data of effective ventilation in wakefulness and sleep in
four cases, and higher effective ventilation during sleep
in nine cases.

Periodic breathing. Two subjects showed periodic breath-
ing during stages 1 and 2 NREM sleep only: eleven
periods of periodic breathing were observed, for a total
duration of 11 min. Nine periods corresponded to set-
tings of step 3 and two to settings of step 4. The mean
length of these periods was 60+15 s, range 30-75 s, rep-
resenting 2.6 and 2.4% of total sleep time in the two
subjects, respectively. Periodic breathing was charac-
terized by successive cycles of waning and waxing of
VT. Two types of event were observed. In the first type,
increases in VT were accompanied by changes in EEG
activity (reappearance of o rhythm with or without
EMGdi activation (one and five periods, respectively).
In the second type, no change in sleep state, EEG activ-
ity or EMGdi was observed. Apnoeas were never observed.

Clinical study

The retrospective analysis was performed on patients
started on nIPPV between November 1987 (the first

a) 12 - b) -
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2 6 No8 Nos
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i No.4 No.4
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2 T T T T
850 1160 850 1160
Delivered VT mL
Fig. 3. — Mean individual values of effective V'E at two levels of

delivered tidal volume (VT) (steps 2 and 6) during: a) wakefulness;
and b) stage 2 nonrapid eye movement (NREM) sleep. Horizontal
bars represent group mean values. For definitions, see legend to fig-
ure 1. For explanation of steps, see table 1, and for significance of
changes, see text.
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Fig. 4. — Mean individual data of effective V'E at three levels of

delivered respiratory frequency (fR) (steps 2, 4 and 7 ), during wake-
fulness, nonrapid eye movement (NREM) and rapid eye movement
(REM) sleep in 10 subjects. A : wakefulness; O : stage 2 NREM sleep;
1 : stages 3 and 4 NREM sleep; a: REM sleep. Note that increases
in (fR) resulted in increases in effective V'E in a large majority of sub-
jects during both wakefulness and sleep. For definitions see legend
to figure 1. For explanation of steps, see table 1, and for significance
of changes, see text.
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patient that we took care of) and November 1995 (the
last patient that started home ventilation before the end
of our experimental study). Twenty three out of 33
patients were given nIPPV during the night only, and
10 patients for the night and also a few hours during
the day. In the large majority of cases, ventilator settings
remained unchanged throughout the follow-up period.
Exceptionally, minor adjustments were subsequently exe-
cuted. Sleep architecture for 17 of these patients, untreat-
ed and under nIPPV, has been published elsewhere [17].

None of the patients needed oxygen supplementation
during home ventilation. Two patients died after 9 months
of long-term ventilation. Four patients were admitted to
hospital (from 2—10 days) during follow-up because of
bronchial infections (two patients), pulmonary embolism
(one patient), and hypercapnic respiratory failure (the
only COPD patient). None of these four patients need-
ed to be admitted into the intensive care unit. Follow-
up data were collected until January 1996.

Ventilator settings and follow-up. Table 4 shows the
median and meantsp of ventilator settings and follow-
up during nIPPV for the group of patients. There was
a large variability in delivered fR, VT (expressed either
in absolute terms or per kilogram of body weight) and
delivered V'I. In all these indices, the range of values
used in patients encompassed the "best" values found in
healthy subjects, and the mean values for the patient
group were surprisingly close to the "best" values in
healthy subjects.

Discussion

The development of nIPPV has facilitated the use of
long-term mechanical ventilation in stable patients with
respiratory failure. Its usefulness seems well established
[19], but is not without exceptions [6]. With respect to
assisted ventilation in intubated or tracheotomized pati-
ents, nIPPV faces a unique differential feature: a sup-
plementary variable resistance, represented by the glottis,
is interposed between the ventilator and the lungs. Sev-
eral years ago, we observed central apnoeas in a patient
with respiratory failure secondary to a myopathy (i.e.
no respiratory motion of the thorax) despite correct
delivery of positive pressure strokes by a volumetric
ventilator. We were able to reproduce this finding in
four out of five patients, and postulated that these apnoeas
were not primarily due to leaks, but to complete glot-
tic closure, resulting in secondary leaks [8]. Recent data
in normal subjects seems to confirm our hypothesis that
the glottis is the main hindrance to air flowing into the
lungs, to the point of being able to completely occlude
the airway, at least when using the controlled ventila-
tory mode [9—11]. Leaks are one of the main problems
related to inefficacy during nIPPV therapy. Air can leak
between the mask and the skin, or through the mouth.
These leaks may be associated with a high Pmask, for
instance when subject and ventilator are uncoordinated,
or with a low Pmask, when the muscles controlling the
velolingual and lip sphincters fail to provide an airtight
seal. However, mouth leaks may also be secondary to
high pharyngeal pressures, for instance during complete
glottic closure [9, 10]. These may be defined as exter-

Table 4. — Ventilator settings and follow-up for the
group of patients, and "best" ventilator settings in healthy
subjects, during sleep

Patients Healthy
Median Meanzsp subjects
/R breaths-min-! 24 2343.6 23
(15-30) (20-27)
Delivered VT mL 630 666197
(300-1300)
VT mL-kg'! 13.3 14+3.6 13
(8-27) (10-16)
fns 1.5 1.320.2
(1.0-2.0)
fE s 1.5 1.320.2
(1.0-2.0)
Delivered V'1 L-s-!  0.51 0.51£0.15 0.76
(0.24-0.95) (0.56-0.85)
Devliered V'E L-min-! 15.4 15.520.7 20
(7.2-28.6) (17-23)
Follow-up yrs 2.8 32422
(0.2-8.2)

Data are presented as median, meantsp, and range in paren-
thesis for the patients, and for healthy subjects as mean, and
range in parenthesis. 7I: inspiratory time; fE: expiratory time.
For further definitions, see legend to table 1.

nal leaks. Another possibility to be considered is the
presence of internal leaks: air entering the oesophagus
and stomach rather than the trachea, or air being accom-
modated in the compliant upper (pharyngeal) airway act-
ing as a shunt compliance [20]. The amount of leaks
will depend to a great extent on upper airway pressure,
which in turn will partly depend on glottic resistance
or, in other words, on glottic narrowing in response to
nIPPV. The glottic response to assisted ventilation de-
pends partly on the partial pressure of CO, (PCO,) lev-
els, and also on such mechanical factors as delivered
VT and V'1 [9, 10]. Choosing the right settings of the
ventilator may thus, be the key to successful ventilation.
Our previous studies were based on direct observation
of the glottis with a fibreoptic bronchoscope at the ex-
pense of sleep quality [9—11]. Since the phenomenon of
glottic closure during nIPPV is now well established,
the present investigation could be carried out without
direct observation of the glottis. This allowed a much
better sleep quality, and a much larger volume of data to
be analysed, with more experimental changes in venti-
lator settings. Thus, we could systematically explore the
effects of changes in delivered V1, delivered VT and de-
livered fR on effective V'E (due to the glottic response
to nIPPV). We chose to study healthy subjects, based
on the (albeit unproven) assumption that the key to a
high effective V'E lies on the glottis, and not on thora-
copulmonary mechanics. However, to verify whether
our observations apply to patients, we performed a ret-
rospective analysis of ventilator settings in a group of
patients submitted to long-term nIPPV.

Our present experimental data confirm the sugges-
tions that mechanical factors can influence effective ven-
tilation through an effect on the glottis. We found that
increases in delivered V'T resulted, up to a certain level,
in significant increases in effective ventilation reaching
the lungs (fig. 1), whereas further increases in deliver-
ed V'I did not result in significant changes in V'E. Our
computation of RI showed that airflow resistance decre-
ased with moderate increases in delivered V'T. Further
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increases in delivered flow resulted in an increase (or
in no further decrease) in RI in almost every subject.
We interpret these findings as an indication of glottic
widening, then narrowing, in response to changes in de-
livered V1, leading to the observed changes in calcu-
lated RI. Flow and temperature receptors are known to
exist at the laryngeal level. Cooling of the larynx is
known to decrease laryngeal resistance in cats [21], but
to increase laryngeal resistance in dogs [22]. Progressive
increases in flow (i.e. decreases in inspiratory time) may
more or less overcome the temperature conditioning
capacity of the nose, resulting in progressive levels of
cooling of the airstream reaching the larynx. This could
explain the decrease in RI with "modest" increases in
V'T and the subsequent increase in RI with large increase
in V'I. Alternatively, the response to increases in flow
may result from changes in airway pressure likely to
result from shortening of 1 for a constant delivered VT.
Pressure receptors are also known to exist in the larynx
and their response to negative pressure has been stud-
ied. Contrary to our observations, sleep reduces the laryn-
geal response to application of negative pressure in the
airway [23]. Positive pressure is known to be a less
intense stimulus than negative pressure [24]. Therefore
we favour flow and/or temperature, rather than pressure,
receptors as responsible for the effects of changes in
delivered V'1 on the glottis and effective ventilation.

For a constant delivered V'T and V'E, increases in deliv-
ered VT of 310 mL resulted in average increases in VT
of 110 mL during wakefulness and 70 mL during sleep.
These increases were insufficient to fully compensate for
the decrease in frequency necessary to maintain the same
delivered V'E. As a consequence, V'E decreased signi-
ficantly. We suggest that volume receptors reacting to
an increase in lung volume induced glottic narrowing
and attenuated the distension of the lungs. Volume infor-
mation can be originated in slowly adapting receptors
from the lung [25], in joint receptors from the thorax [26]
or in intercostal muscles receptors [27]. Any or all of
these receptors could have mediated the glottic response
we postulate, in response to increases in delivered VT.

Increases in delivered fR resulted in a significant incre-
ase in effective ventilation in a large majority of sub-
jects during both wakefulness and sleep (fig. 4). For the
group as a whole, effective ventilation significantly
increased when delivered fR increased from 15 to 20
and 15 to 27 but not from 20 to 27 breaths-min-!. This
was due to a decrease in VT at a fR of 27 breaths-min-!,
that was not compensated for by the increase in fR. Since
delivered V'T and VT were maintained constant, flow and
volume receptors are unlikely to explain these results,
which could have been mediated by the decrease in CO,
at the highest ventilation.

The average results found in the group of patients look
surprisingly close to the "ideal" settings in normals. It
should be remembered that the criteria used to set the
ventilators in patients were completely different from
those used in the present experimental study. However,
since part of the criteria used in patients depended on
effective ventilation (Sa,0, and reduction or suppression
of respiratory muscle EMG signals), ventilator settings
necessarily had to circumvent the glottic obstacle. Glottic
response to nIPPV is probably similar in normals and
patients [8—10]. Inasmuch as respiratory system mechan-

ics are quite abnormal in patients with restrictive ven-
tilatory defects (schematically through a decrease in tho-
racic compliance), the similarity of ventilator settings
can be explained by a predominant role of the glottis
(with respect to a lesser role of respiratory mechanics)
in determining V'E during nIPPV. The variability of set-
tings in patients should not be surprising, considering
the age and body size range of our group of patients.

Previous reports of nIPPV in patients, using volumet-
ric ventilators, seldom give the ventilator settings used
[1, 28, 29]. We ignore the practical importance of this
matter (looking for the highest possible V'E) on the final
outcome (survival and decreased hospital admissions).
However, it seems logical to aim at the highest V'E for
clinical use of nIPPV, in order to increase arterial oxy-
gen tension (Pa,0,) (without oxygen supplementation)
and to decrease PCO,. LEGER et al. [28] used a lower
delivered fR and a higher VT than the present data, and
60% of their patients with kyphoscoliosis needed oxy-
gen addition to keep the partial pressure of oxygen (P0,)
at acceptable levels.

A final consideration concerns the influence of sleep
on the glottis. We previously observed that, for a given
ventilator setting, V'E was systematically lower during
sleep than during wakefulness [10]. This was also gen-
erally the case in this investigation. However, some
exceptions existed (fig. 4). We had shown that sleep
enhances glottic narrowing, to which we had attributed
the lower ventilation during sleep [10]. We do not believe
that the exceptions observed in the present study detract
from our hypothesis. Rather, we think that the excep-
tions are due to excessive glottic narrowing during wake-
fulness, beyond the levels that could be accounted for
by mechanical and CO, factors. This hypothetical ex-
cessive glottic narrowing may be the result of cortical
conscious influences that disappear during sleep. Our
data in normals confirm that glottic response to nIPPV
is influenced by sleep. Interestingly, the V'E level ob-
served in our ventilated healthy asleep subjects in stages
3—4 NREM sleep is similar to the one found by STRADLING
et al. [30] in spontaneously breathing asleep normal sub-
jects. This suggests that adjustment of ventilator set-
tings in patients should be performed, as we usually do,
during sleep, especially if patients are to use their ven-
tilators during sleep, as is the general practice.

Despite the increasingly widespread clinical use of
nasal intermittent positive pressure ventilation, this is,
to the best of our knowledge, the first study to examine
the best way to circumvent the problems posed by the
glottic response to nasal ventilation. In summary, our
data show that during nIPPV therapy, both in wakeful-
ness and sleep, increases in effective ventilation should
be obtained by increases in delivered respiratory freq-
uency rather than in delivered tidal volume, but keeping
mean delivered inspiratory flow close to physiological
levels. Effective ventilation is lower during sleep than
during wakefulness in a large majority of subjects. We
suggest that during nIPPV performed with volumetric
ventilators in patients with restrictive ventilatory def-
ects, the initial settings should be: a delivered respiratory
frequency of 20 breaths-min-!, a delivered tidal volume
of 13 mL-kg! and a delivered inspiratory flow lower
than 0.9 L-sl. This is quite different from the "stan-
dards" recommended in intubated patients.
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